SUMMARY
The scrA gene coding for sucrose EnzymelI of the phosphoenolpyruvate dependent phosphotransferase system previously isolated from Streptococcus mutans was fused in vitro to the promoterless lacZ" gene to monitor the expression of the scrA gene. The scrA :: lacZ gene fusion was introduced back into S. mutans GS-5IS3 by two independent transformation procedures involving either linear or plasmid DNA to produce both scrA and scrA + mutants. These mutants should prove useful for analyzing the regulation of sucrose transport in S. rnutans.
INTRODUCTION
Streptococcus mutans is well-recognized as a major pathogen in the etiology of human dental caries [1] . We have recently isolated and determined the nucleotide sequences of two genes, scrA [2] and scrB [3] , respectively coding for sucrose EnzymelI (scrEII) of the phosphoenolpyruvate dependent sucrose phosphotransferase system (PTS) and sucrose-6-phosphate hydrolase (S6PH) from S. mutans. These genes from both Escherichia coli [4] and Bacillus subtilis [5] have also been isolated and sequenced. The scrA and scrB genes from S. mutans were demonstrated to differ in at least two significant aspects (transcriptional divergence and EIII independence) with the corresponding genes from E. coli and B. subtilis.
Because of the unique relationship between sucrose metabolism and dental caries [1] S. rnutans has been extensively investigated in this regard [6] . Physiological studies have demonstrated diversity, multiplicities, diauxie and several other characteristic properties of transport systems for sugars including sucrose [7] . However, the molecular basis for these phenomena have not yet been de-vironment of S. mutans, where sucrose and other sugars are normally available only transiently [1] .
In this communication, we describe the construction of fusions between the scrA gene from S. mutans and the lacZ' gene of E. coli and the construction of scrA :: lacZ mutants of S. mutans for monitoring the regulation of scrA expression, and discuss the genetic basis for the regulation of sucrose transport.
MATERIALS AND METHODS

Microorganisms
S. mutans GS-5, its spontaneous colonization defective strain IS3, and E. coli strains (MC1040, JM83, JM109, HB101) were maintained and grown routinely as previously described [2, 3, 8, 9] .
Construction of scrA :: lacZ fusiOn plasmids
The scrA and scrB genes are divergently transcribed as previously described [2] . Fig. 1 
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Transformation of S. mutans
Transformation of S. mutans GS-5IS3 was carried out as previously described [10] . Transformants were detected on Mitis-Salivarius (MS) agar plates containing erythromycin (10 /~g/ml) and confirmed to carry the lacZ fusions on BTR (Bacto-tryptone 1%, Bacto-yeast extract 0.1%, sodium thioglycolate 0.05%, K2HPO 4 0.61%, KH2PO 4 0.2%, 1 mM MgSO 4, and 0.1 mM MnSO4) agar plates containing X-gal (5-bromo-4-chloro-3-indolyl-fl-D-galactoside).
4. Southern blot analysis
EcoRI and HindlII digested chromosomal DNA fragments from transformants were separated following agarose gel electrophoresis and transferred to nylon membranes (NytranS, Schleicher and Schuell, Dassel. F.R.G.) as previously described [11] . The fragments were analyzed with probes produced following incorporation of biotin-ll-dUTP (Enzo Diagnostic, NY) into appropriate plasmids as recommended by the supplier. Hybridizations were carried out under moderate stringency conditions with the DNA Detection System (Bethesda Research Labs, MD).
Enzyme assays
Assays for /3-galactosidase activities were carried out as previously described [12] . Activities of decryptified cells grown in the presence of different sugars were determined by the measurement of the absorbance of o-nitrophenol at 420 nm in the presence of o-nitrophenyl-/3-galactoside (ONPG). Sucrose PTS activity was determined by NADH-LDH-coupled spectrophotometric assays [13] . 
Construction of scrA::lacZ mutants of S. mutans
Both a linearized fragment containing the scrA :: lacZ fusion (PstI digested pXN1) and intact plasmid pZ63 were utilized to transform S. mutans GS-5IS3 in order to construct both scrA and scrA ÷ scrA::lacZ fusion strains. The IS3 derivative of strain GS-5 was utilized in order to avoid the cellular aggregation exhibited by the parental strain grown in the presence of sucrose. A scrA + derivative was constructed since potential sucrose regulation of the sucrose PTS genes could be mediated by a transported metabolite of this sugar. Following homologous recombination between the GS-5 chromosomal DNA and the linearized fragment containing both the scrA ::lacZ and 3"-scrA sequence, two defective copies of the scrA gene should be produced (Fig. 2A) . Em r colonies were randomly picked from MS agar plates following transformation to BTR-X-gal agar plates to confirm /3-galactosidase activity. All transformants exhibited blue color colonies while parental strain GS-5IS3 did not (S. mutans GS-5 is /%ga!actosidase-negative, H.K. Kuramitsu, unpublished results). One of these mutants was designated as IS3AZ2, and was utilized in the present investigation.
Following homologous recombination between the chromosomal DNA and intact plasmid pZ63, one defective and one intact copy of the scrA gene should be generated (Fig. 2B) . Em r transformants were also randomly examined for/3-galactosidase activity on BTR-X-gal agar plates. All colonies exhibited/3-galactosidase activity as expected. One of the mutants was designated as IS3AZ4 and examined as described below.
Southern blot analysis of transformant DNA and sucrose PTS activity of the mutants
In order to confirm whether or not the transforming DNA integrated as predicted (Fig. 2) , chromosomal DNA was isolated from the two transformants (IS3AZ2,4), purified, digested with EcoRI and HindlII, and analyzed by Southern hybridization utilizing biotinylated plasmid pD4 containing the 3.0-kb BamHI-EcoRI fragment ( Fig. 1A, 3 .5-6.5) as a probe. Two EcoRI fragments (2.6 kb, 6.9 kb) and one 10.6-kb HindlII fragment of IS3AZ2 chromosomal DNA hybridized with this probe (Fig: 3) . In contrast, two EcoRI fragments (5.9 kb, 6.9 kb) and two HindIII fragments (5.2 kb, 8.8 kb) of IS3AZ4 chromosomal DNA were detected. These results confirmed the integration patterns predicted (Fig. 2) . Strain IS3AZ2 exhibited only 15.2% of the scrPTS activity of parental strain 153 when the sucrose concentration was 50 ,uM, while strain IS3AZ4 exhibited almost the same sucrose PTS activity as parental strain IS3 at that sucrose concentration (data not shown) confirming the presence of an intact scrA gene in the latter transformant.
3. fl-Galactosidase activity of scrA .'." lacZ mutants
As described above, the two scrA .v lacZ fusion mutants exhibited B-galactosidase activity on BTR-X-gal agar plates. Therefore, fl-galactosidase activities can be used to monitor scrA gen e expression in these strains. To examine the regulation of scrA expression, these strains were grown in the presence of different sugars (Fig 4) , which could be utilized as the sole carbon source by this organism. The fl-galactosidase activities of cells grown in sucrose-BTR broth were 5-to 7-times higher than those of fructose, maltose or lactose grown cells in both mutants (IS3AZ2,4) when cells were harvested in either mid-log or stationary phases. However, fructose and maltose prevented induction of the activities of cells in the BTR broth containing mixtures of sucrose and fructose or maltose, while lactose is unable to prevent induction in a mixture of sucrose mad lactoses. The fl-galactosidase activities of fructose-or maltose-BTR grown cells were not induced when sucrose was added to the cells. However; the activities: of these cells could be elevated to the same extent as sucrose alone within 2 h when ceils were washed to remove fructose or maltose and resuspended in sucrose BTR broth (data not shown). Glucose and sorbitol partially induced scrA expression. However, the effects of these two sugars in the presence of sucrose together were different. Glucose prevented for their induction by sucrose like fructose or maltose, while sorbitol did not inhibit sucrose induction of scrA expression.
DISCUSSION
Previous investigations of sucrose transport by S. mutans have yielded complex results [6] . It was not possible to directly measure scrA gene expression in these previous investigations. Since gene fusion technology is useftd in the study of gene expression [14] , we have constructed scrA :: lacZ gene fusions in order to monitor scrA expression under different environmental conditions. In addition, both the scrA and scrB genes from S. mutans cloned in E. coli did not exhibit sucrose PTS or sucrose transport activities, although the scrA and scrB gene products were expressed in E. coli as established by mini-cell analysis [2] . LacZ activities of the mutants grown in the presence of various carbon sources (Fig. 4) suggested that sugars metabolized by this organism can be classified into two groups. One group including fructose, maltose, and glucose inhibits the apparent induction of scrA by sucrose, while both sorbitol and lactose do not affect sucrose i.nducfion. It is of interest that S. mutans exhibits diaunic growth when either of the latter sugars is added to glucose-media [7] . The inducer of sugarspecific proteins (Elts of ~S) generally appear to be ext~acellular sugars [15] . In S. mutans, as in E.
coli, external glucose appears to be necessary to induce the glucose PTS [16] . However, sucrose itself may not be the actual inducer of the sucrose PTS of S. murans since sucrose could not induce scrA expression in the presence of fructose-or maltose. These results suggested that a derivative of sucrose is involved in induction of scrA exnr/=~-ydrotysis of maltose-6-phosphate translocated by maltose PTS. Substrates of glycolysis further downstream from fruct0se-6-phosphate are not likely inducer candidates, because these substrates are generated from many sugars.
Although it is not yet possible to identify the sucrose metabolite which is involved in scrPTS induction, the results of the present investigation suggest tha rFS of 
